1. Background {#sec143067}
=============

Burns and their adverse effects are major causes of mortality and morbidity around the world ([@A30905R1]). Burn injuries affect 30% - 40% of children and adolescents, and are more prevalent in these age groups. Approximately 85% of burns are thermal (most commonly from hot water). Thermal burns are the most common type of burn injury in children under 4 years of age and are often associated with destructive consequences. Such injuries are largely preventable, and the implementation of preventive and safety protocols would prevent the occurrence of most of these events ([@A30905R2], [@A30905R3]).

Vitamin D, a fat-soluble vitamin, is an essential element in establishment of bone structures through the metabolism of calcium and phosphorus. Vitamin D receptors have been found in many body tissues, and vitamin D takes part in the regulation of immune system cell proliferation and differentiation ([@A30905R4]). Vitamin D deficiency results in weakening of the immune system and may be involved in the pathogenesis of certain types of cancer, as well as in diabetes and infections. Recent studies have indicated that several non-skeletal diseases are also associated with vitamin D deficiency ([@A30905R4], [@A30905R5]).

Previous studies have evaluated the serum levels of 25-hydroxyvitamin D (25(OH)D) in children and adults with burn injuries ([@A30905R6]-[@A30905R8]). However, there are some controversial issues regarding the measurement of vitamin D metabolites in these patients. For instance, there are questions regarding which metabolite should be measured, and whether it is beneficial to begin the administration of vitamin D supplementation after burn injuries.

2. Objectives {#sec143068}
=============

This study aimed to measure serum levels of 25(OH)D in burned children, and to discuss the controversial issues regarding the administration of supplemental vitamin D in these patients.

3. Materials and Methods {#sec143069}
========================

This cross-sectional study was carried out in the pediatric ward of a burn hospital (Shahid Motahari burn hospital) in Tehran, Iran, during 2012 - 2014. One hundred eighteen burned patients were enrolled in this study after informed consent was obtained from their parents. Blood samples were sent to the laboratory during the first week after the acute burn injury. The testing kits used were from Roche (Germany), and the unit of measurement was ng/mL ([@A30905R9]). Serum 25(OH)D, total protein, albumin, phosphorus, total calcium, ionized calcium, and PTH were measured. A checklist consisting of age, sex, degree of burn, and total body surface area (TBSA) affected by burn was also completed for each patient.

Frequency, mean, and standard deviation (SD) were calculated for numeric variables. The chi-square test was used for comparing qualitative variables. Student's t-test was used for comparing the means of vitamin D levels in the different groups. All statistical analyses were performed using PASW 16.0 (SPSS Inc. Chicago, IL, USA).

This study was approved by the ethics committee of Iran University of Medical Sciences and was therefore performed in accordance with the ethical standards laid down in the 1964 declaration of Helsinki and its later amendments.

4. Results {#sec143070}
==========

One hundred eighteen burned children with a mean age of 4.04 years (SD = 3.04) were evaluated in this study, including 68 (57.6%) males and 50 (42.4%) females ([Figure 1](#fig27098){ref-type="fig"}). The demographic data are shown in [Table 1](#tbl36742){ref-type="table"}, and the laboratory data are shown in [Table 2](#tbl36743){ref-type="table"}. There were no significant differences between these factors in boys versus girls (P \> 0.05). The frequencies of patients in accordance with burn degree and mean 25(OH)D levels are depicted in [Table 3](#tbl36744){ref-type="table"}.
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###### Demographics and Burn Classifications

  Variables                                                             Values
  --------------------------------------------------------------------- -------------
  **Gender ^[a](#fn39270){ref-type="table-fn"}^**                       
  Female                                                                42.2
  Male                                                                  57.6
  **Ethnicity** ^**[a](#fn39270){ref-type="table-fn"}**^                
  White ^[b](#fn39271){ref-type="table-fn"}^                            82.3
  Non-white ^[c](#fn39272){ref-type="table-fn"}^                        17.7
  **Classification of burn** ^**[a](#fn39270){ref-type="table-fn"}**^   
  Scald                                                                 80
  Flame                                                                 10
  Contact                                                               10
  **Age, y** ^**[d](#fn39273){ref-type="table-fn"}**^                   4.04 ± 3.04

^a^ Values unit is %.

^b^ White = Caucasian.

^c^ Non-white = brunette.

^d^ Data are presented as mean ± SD.

###### Laboratory Data

  Gender ^[a](#fn39274){ref-type="table-fn"}^   Data ^[b](#fn39275){ref-type="table-fn"}^
  --------------------------------------------- -------------------------------------------
  **Male**                                      
  Phosphorus                                    3.37 ± 0.71
  Alb                                           3.33 ± 0.69
  Total Ca                                      7.65 ± 0.59
  Ionized Ca                                    1.29 ± 0.06
  PTH                                           11.09 ± 5.75
  Vit D                                         15.37 ± 7.07
  **Female**                                    
  Phosphorus                                    3.20 ± 0.56
  Alb                                           3.23 ± 0.61
  Total Ca                                      7.63 ± 0.46
  Ionized Ca                                    1.29 ± 0.07
  PTH                                           10.93 ± 7.60
  Vit D                                         13.50 ± 6.73

^a^ There was no statistically significant difference based on gender (P = 0.6).

^b^ Data are presented as mean ± SD.

###### Frequency of Patients for Burn Degree and Mean Vitamin 25(OH)D Level

  Burn Degree      Number of patients   Vitamin D level, ng/mL ^[a](#fn39276){ref-type="table-fn"}^
  ---------------- -------------------- -------------------------------------------------------------
  **IIA+IIB**      45                   15.46 ± 5.95
  **IIB+III-IV**   29                   12.76 ± 8.06
  **IIA**          2                    21.25 ± 10.53
  **IIB**          27                   16.19 ± 6.47
  **III-IV**       14                   11.51 ± 7.19
  **I+IIA+IIB**    1                    13.50 ± 0

^a^ Data are presented as mean ± SD.

The lowest 25(OH)D level was 1.1 ng/mL and the highest was 36.9 ng/mL. Serum levels of 25(OH)D were \< 13.9 ng/mL in half of the patients (n = 59) and \< 18.2 ng/mL in 75% of the patients (n = 89). Only four (3.39%) patients had 25(OH)D levels of \> 30 ng/mL. In addition, the serum level of 25(OH)D was \< 20 ng/mL in 96 (81.35%) patients, indicating vitamin D deficiency. The 25(OH)D levels were 21 - 30 ng/mL (insufficient) in 19 (10.16%) patients.

The mean level of 25(OH)D was 15.37 ng/mL (SD = 7.07) in males and 13.50 ng/mL (SD = 6.73) in females, a difference that was not statistically significant (P = 0.14).

According to the TBSA involved in the burn injury, the patients were divided into four groups: A: 1% - 30% of TBSA, B: 31% - 40% of TBSA, C: 41% - 50% of TBSA, and D: \> 50% of TBSA. Fifty-nine (50%), 34 (28.8%), 17 (14.4%), and 8 (6.8%) patients were in groups A, B, C, and D, respectively.

The mean levels of 25(OH)D were 16.49 ng/mL (SD = 7.49), 13.91 ng/mL (SD = 5.61), 10.53 ng/mL (SD = 4.63), and 11.92 ng/mL (SD = 8.20) in groups A, B, C, and D, respectively. We found a statistically significant difference between serum 25(OH)D levels in groups A and C (P = 0.01). There was no statistically significant difference in a comparison of serum 25(OH)D levels between the other groups (P \> 0.05).

The mean levels of serum protein, albumin, and total calcium in group A were statistically higher than in the other groups. Details are presented in [Table 4](#tbl36745){ref-type="table"}.

###### Mean Levels of Protein, Albumin, and Total Calcium in Different Burn-Percent Groups

  Burn-Percent        Mean ± SD
  ------------------- -------------
  **Protein**         
  1 - 30              5.95 ± 0.86
  31 - 40             5.23 ± 0.63
  41 - 50             4.84 ± 0.81
  \> 50               4.62 ± 0.42
  **Albumin**         
  1 - 30              3.65 ± 0.60
  31 - 40             3.07 ± 0.41
  41 - 50             2.80 ± 0.58
  \> 50               2.61 ± 0.55
  **Total calcium**   
  1 - 30              7.88 ± 0.45
  31 - 40             7.41 ± 0.51
  41 - 50             7.45 ± 0.51
  \> 50               7.30 ± 0.50

There was a significant positive correlation between serum levels of 25(OH)D and protein (r = 0.35), albumin (r = 0.42), total calcium (r = 0.40), and ionized calcium (r = 0.39, P \< 0.001), showing that 25(OH)D levels will decrease by reducing these factors. We also found a significant negative correlation between serum levels of 25(OH)D and TBSA affected by burn, in that 25(OH)D will decrease with an increasing TBSA affected by burn (r = −0.29, P = 0.001).

5. Discussion {#sec143072}
=============

The normal mean level of 25(OH)D is considered to be 30 ng/mL, but the minimum bodily requirement for 25(OH)D is still controversial ([@A30905R10]). In the present study, the mean 25(OH)D level was 14.58 ng/mL (SD = 6.96), and 114 (96.61%) of the patients had levels of \< 30 ng/mL.

The main site for endogenous synthesis of 25(OH)D is the skin, which provides the majority of vitamin D precursor, with a small amount being absorbed through dietary intake ([@A30905R11]). In burn patients, this source is impaired; however, other factors also contribute to 25(OH)D deficiency in these patients, including electrolyte disturbances, malabsorption, reduced albumin levels, post-burn hypermetabolism, and immobilization ([@A30905R12]).

Klein et al. showed that vitamin D deficiency occurs in children suffering from burn injuries. Moreover, they found that the conversion of 7-dehydrocholesterol into previtamin D3 was impaired in biopsies from both the scar tissue and adjacent healthy skin. This finding indicates that the burden of the inability of the skin to synthesize vitamin D goes beyond the TBSA and involves a larger area ([@A30905R6]).

Serum albumin is the main protein that binds to D1,25. Serum albumin concentrations are reduced following thermal damage, and can remain low for a long period of time ([@A30905R13]). A significant correlation was observed between the 25(OH)D levels and albumin in the present study, which is in concordance with this finding.

It has been shown that many growth factors and cytokines play active roles in inflammatory and immunological responses after injury. These factors are also effective in bone remodeling and pathological destruction. The associations of 25(OH)D metabolism with these new factors and cytokines have recently been studied, but their impact on 25(OH)D levels after burn injury is unclear ([@A30905R14]). Bone metabolism is a complex and multifactorial process that is regulated by systemic hormones. Since the consumption of corticosteroids is associated with bone loss and bone fractures, increasing endogenous glucocorticoid production, which occurs after a burn, can be associated with vitamin D abnormalities ([@A30905R6], [@A30905R15]).

Several studies have looked at supplementation for vitamin D-deficient patients. A study by Gottschlich et al. used ergocalciferol in children younger than three years at a dose of 800 IU daily, and for patients older than three years, they used 1600 IU daily for two weeks. They doubled the supplemental dose every two weeks, up to a maximum dose of ten times the recommended dietary allowance (RDA), or 4000 IU daily, if there was no improvement in the serum levels of vitamin D in these patients. It was found that patients receiving vitamin D supplementation had consistently lower levels of 25(OH)D and D1,25. It was presumed that there might be a malabsorptive defect or an inability to hydroxylate vitamin D ([@A30905R16]). In another study, Klein et al. assessed supplementation with ergocalciferol in eight burned children suffering from vitamin D deficiency (D2). Vitamin D2 400 IU (10 ug) was administered daily for six months in order to raise serum levels of 25(OH)D back to normal. The 25(OH)D levels were raised in these patients, but not enough to compensate for the deficiency; the increase was also not statistically meaningful in comparison to the control group, who had not received the supplementation ([@A30905R17]). Both of these studies may have been limited by their choice of vitamin D supplementation, as ergocalciferol is less effective than cholecalciferol in raising serum levels of vitamin D.

On the other hand, several additional studies have indicated the benefits of vitamin D supplementation in burn patients. Mayes et al. followed 39 burn patients for fractures after discharge while giving them vitamin D2 and D3 supplementation for one year. The results showed that vitamin D3 may have been beneficial in reducing the fracture risk in these patients ([@A30905R18]). In a randomized clinical trial by Rousseau et al. on 15 burn patients followed for one year, the patients were divided into two groups. One group received intramuscular injection of cholecalciferol (200000 IU) every three months with oral daily calcium, and the other group received normal saline every three months with oral daily lactose as a placebo. The results indicated that calcidiol (25(OH)D) levels increased significantly in the experimental group that received vitamin D supplementation and calcium. However, there was no significant change in bone health in either of the groups. Quadriceps strength did improve in the case group ([@A30905R19]). [Table 5](#tbl36746){ref-type="table"} shows the results of some previous studies.

###### Summary of Previous Studies

  Researcher/Year                                Sample Size   25-Hydroxyvitamin D
  ---------------------------------------------- ------------- -------------------------------
  **Klein GL/2002 (** [@A30905R7] **)**          11            low in 90% (7 year follow up)
  **Gottschlich MM/2004 (** [@A30905R16] **)**   69            low in 26.2%, very low in 11%
  **Klein GL/2009 (** [@A30905R17] **)**         8             16 ng/mL
  **Rousseau AF/2015 (** [@A30905R19] **)**      26            21.5 ng/mL

Although there is controversy with regard to administering vitamin D supplementation to patients after acute burn injuries, some studies strongly suggest that vitamin D is beneficial in these patients. We also began administering vitamin D to our burn patients as a part of their treatment protocol; however, the follow-up is still ongoing, and the results are not yet ready to be published. Whatever the results indicate, it is obvious that patients with acute burn injuries will need essential vitamins and minerals more than normal individuals will. Therefore, we recommend administering vitamins and minerals to this group of patients, beyond the usual and common RDA.

5.1. Conclusions {#sec143071}
----------------

Based on the results of this study, we can conclude that 25-hydroxyvitamin D levels are low in children after acute burns, and these patients should be given vitamin D supplementation at 2 - 3 times the physiologic range (800 - 1200 IU/day). The present study also showed a higher frequency of vitamin D deficiency compared with other studies; vitamin D levels were lower than recommended levels in 96.61% of patients, while 81.35% had deficiencies and 16.10% had insufficiencies.
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